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(54) Fibrous shaped article, process for producing said article, and use of said article as soundproofing or heat insulating 
material for buildings. 



($7) A fibrous shaped article having a surface with raised and 
depressed portions, said fibrous article consisting of a unitary 
laminated structure resulting from the compression molding 
under heat of (A) a heat compression-moidable nonwoven 
fibrous web and (B) a nonwoven fibrous sheet, said fibrous 
sheet (B) being laminated to at least one surface of said fibr- 
ous web (A); said fibrous web (A) having a compression 
stress, at 10% compression at the temperature of said com- 
pression molding, of at least 0.5 g/cm 1 ; said nonwoven fibr- 
ous sheet (B) consisting of a continuous unitary reticulated 
sheet structure of an assembly of many fibers of a thermop- 
lastic polymer, said constituent fibers having an initial mod- 
ulus of not more than 5 g/denier and en elongation of at least 
20% both at the temperature of said compression molding 
and being interconnected in a spaced-apart relationship, and 
said nonwoven fibrous sheet (B) having a plastic deformation 
ratio, at 30% elongation at the temperature of said compres- 
sion molding, of at least 50%end an elongation stress, at 30% 
elongation at the temperature of said compression molding, 
of not more than 0.1 5 kg - cm; and said web (A) and said sheet 
(B) satisfying the following relation: 
S^.0.03 T 

in which T is the compression stress (g/cm 2 ) of said web (A) at 
10% compression et the temperature of said compression 



molding, and S is the elongation stress (kg • cm) of said sheet 
(B) at 30% elongation at the temperature of said compression 
molding. This article is useful as a sound-proofing material, 
heat insulating material or cushioning material, for example 
in buildings or vehicles. 



Fig. 2 
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Thir ii-v...-r.tiDr. r*r 1 ate^ tc & fibrcur -reaped 
article havii.c a lol-Ipv-:! rurfac-.e v;irh raired and depres- 
sed portions. More specifically, this inversion relate? 
to a fibrous shaped article having a con-levfl surface 
with raised and depressed portion- and r'esx ting from 
compression molding under heat, which has superior fun.- 
tional properties and aesthetic characteristic c and is 
useful as soundproofing materials, heat insulating 
materials, cushioning materials, etc. 

It is known that a fit reus shaped article 
obtained by* spreading a fibrous assembly of z:ar.j fiber? . 
mixing it with a thermosetting or tnermcpl asti c resincus 
binder, and compression-molding the resulting fleece, cr 
nonwoven web, under heat is used ar a soundproofing 
material, heat insulating material, cushioning material, 
etc. for buildings, vehicles, factrry faciliricr, 
furniture, eic. However, such a fibrous shaped article 
composed only of a heat compression-molded structure cf a 
nonwoven web has the defect of possessing poor aesthetic 
characteristics, developing fuzzes, and exhibiting poor- 
functional characteristics such as abrasion resistance 
waterproof ness and fire retardancy. 

Attempts have therefore been made to improve 
the aesthetic characteristics and/or functional properties 
of the fibrous shaped article by bonding a sheet-like 

BAD ORlG^ AL 
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serial such as paper, plastic films, knitted or woven 
fabrics, or nonwoven fabrics to the surface of the fibrous 
shaped article. Usually, such a sheet-like material is 
bonded to the fibrous shaped article by the use of an 
5 adhesive. Such a bonding operation is troublesome , 

especially when the shaped article has a non-level surface. 
!f the sheet-like material does not have sufficient deform- 
ability, it cannot conform veil to the raised and depressed 
portions of the surface of the fibrous shaped article, and 
10 will result in undesirable surface appearances such as 

crease S ,~o* iocalized gaps between the sheet-like material 
and the surface of the fibrous shaped article. 

Some methods have recently been suggested for 
producing a surface-protected fibrous shaped article in 
15 one-step by superposing such a sheet-like material as ^ 
described above on the nonwoven, web and consolidating the 
resulting assembly under heat and pressure (see for 
example, Japanese Laid-Open Patent Publications Bos. 

30271/76 and 112889/76). 

in these known methods, a compact sheet-like 
material such as a vinyl chloride resin sheet ("vinyl 
chloride leather"), a rubbery sheet, a polyester film or a 
polyamide film, or a porous sheet-like material such as a 
porous paper or cloth impregnated with a thermosetting 
25 synthetic resin is suggested as the surface-protecting 
sheet, ^e compact sheet-like material usually does not 
have sufficient heat def ormability, and therefore, cannot 
sufficiently fit portions which are sharply raised and 
depressed, thus developing creases, or spaces between the 
30 sheet-like material and the web surface to which it has 
been applied, or rendering tt. sheet-like 
^aven. Such a sheet-like material also has the 
that its sound-absorbing effect is poor because of its low 



20 



air permeability* 



35 



On the other Hand, the paper or cloth impregnated 
with a thermosetting synthetic resin is better 
aforesaid compact sheet-like material, but has low hnat 
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deformability and does not give a surface-protected fibrous 
shaped article having a pleasing appearance. 

It is an object of this invention to provide an 
improved fibrous shaped article, which is free from the 
5 defects stated hereinabove. 

Another object of this invention is to provide a 
fibrous shaped article having superior aesthetic character- 
istics. 

Still another object of this invention is to pro- 
10 vide a fibrous shaped article having a surface with improved 
functional properties such as abrasion resistance, water- 
proofness, fire retardancy, smoothness , and weatherability. 

Hiese and other objects and advantages of this 
invention will become more apparent, from the following 

. 15 description. 

According to this invention, there is provided a 
fibrous shaped article having a surface with raised and 
depressed portions, said fibrous article consisting of a 
unitary laminated structure resulting from the compression 
20 molding under heat of (A) a heat compression-moldable 
nonwoven fibrous web and (B j a -nonwoven fibrous sheet , 
said fibrous sheet (B) being laminated to at least one 
surface of said fibrous web (A); said fibrous web (A) 
. having a compression stress, at 10% compression at the 
25 temperature of said compression molding, of at least 0.5 
g/cm 2 ; said nonwoven fibrous sheet (B) consisting of a 
continuous unitary reticulated sheet structure of an 
assembly of many fibers of a thermoplastic polymer, said 
constituent fibers having an initial modulus of not more 
30 than 5 g/denier and an elongation of at least 20% both at 
the temperature of said compression molding and being 
inter-connected in a spaced-apart relationship, and said 
nonwoven fibrous sheet (B) having a plastic deformation 
ratio, at 30% elongation at the temperature of said com- 
35 pression molding, of at least 50% and an elongation stress, 
at 30% elongation at the temperature of said compression 
molding, of not more than 0.15 kg/cm; and said web (A) and 
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said sheet (B) satisfying the following relation: 

in which T is the compression stress (g/cm 2 ) of said web 
(A) at 10% compression at the temperature of said compres- 
5 sion molding, and S is the elongation stress (kg/cm) of 

•said sheet (B) at 30% elongation at the temperature of said 

compression molding. 

Various technical terms used in the present spe- 
cification and the appended claims will he defined together 

10 hereinbelow. 

The fibrous shaped article of this invention is 
described specifically with reference to the accompanying 

drawings in which : 

Figure 1 is a cross-sectional view of a laminate 
15 in accordance with this invention before heat compression 

molding; and 

Figure 2 is a perspective view of one embodiment 

of the fibrous shaped article of this invention having a 
s-urface with raised and depressed portions. 
20 The fibrous shaped article of this invention is 

produced by compression molding under heat of a laminate 
(D) composed of a heat compression-moldable nonwoven 
fibrous web (A) and a nonwoven fibrous sheet (B) (Figure 1 
shows that the sheet (B) is laminated only to one surface 
25 of the web (A)), as shown in Figure 1. Figure 2 illus- 
trates one example of the raised and depressed condition 
of the surface of the fibrous shaped article of this inven- 
tion so molded. The profile of the raised and depressed 
surface can be varied according to the end use of the 
30 fibrous shaped article of this invention. 

The characteristic feature of the present inven- 
tion lies in the selection and combination of materials 
which constitute the nonwoven fibrous web (A) as a base 
material and the nonwoven fibrous sheet (B) as a surface 
35 material in providing a fibrous shaped article, which is 
useful* as' a- soundproofing material, a heat insulating 
material or a cushioning material, by a heat compression 



c 



molding technique. Its most characteristic feature con- 
sists in the material for the nonwoven fibrous sheet (B). 
Thus, the web (A) and sheet (B) will be described in 
greater detail below. ' ^ 

Hon- woven fibrous web (A) 

The fibrous web (A) is a sheet-like or mat-like 
nonwoven fibrous material which is a relatively loose 
fibrous assembly of long fibers and/or short fibers and 
which has the property of semipermanently, retaining the 
10 shape imparted thereto by heat compression molding. 

The type of the fibers which constitute the 
fibrous material is not particularly restricted, and 
natural, regenerated or synthetic organic or inorganic 
fib«r« can be used either singly or as mixtures. 
15 Specific examples of these fibers include natural 

organic fibers such as cotton, flax, or wool; natural or 
synthetic inorganic fibers such as glass fibers, stamles 
steel fibers asbestos fibers or rockvool ; regenerated 
fibers such as rayon and acetate; and synthetic organic 
20 fibers such as polyester-* , . polyamides , acrylic resins and 
polycarbonate fibers. Suitable fibers have a diameter of 
usually 1 to 100 microns, preferably 5 to 30 microns. 

These fibers should not undergo substantial 
fusion under the heat compression-molding conditions to be 
25 described hereinbelow, and should desirably have a melting 
temperature of generally at least 200OC, preferably at 
least 220°C. 

These fibers, in the form of short fibers or long 
fibers or a mixture of short and long, fibers, are molded 
30 into a nonwoven web. Web formation can be effected by 
known methods described, for example, in Japanese Patent 
Publication No. 30827/78, and Guide to Nonwoven Fabrics 

(ZNDA) , 19(1978). 

If the fibrous material constituting the nonwoven 

*5 web has heat moldability and the property of retaining 
' semipermanently the imparted shape after the heat compres- 
sion molding, no resinous binder is required. If the 
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fibrous material has little or no such property, it is 
, necessary to include a resinous hinder in the fibrous web 
(A) so as to make the web (A) compression-moldable under 
heat. 

5 The resinous binder can be incorporated in the 

fibrous web (A) in the form of a powder, solution or 
dispersion. The amount of the resinous binder to be 
incorporated varies according to the type of the resinous 
binder. Generally, it is at least 5% by weight, preferably 

10 about 10. to about AO% by weight, more preferably about 15 
* to about 30% by weight, based on the weight of the web (A)- 
The resinous binder used may be a thermoplastic 
resin which melts at or below the temperature of compres- 
sion molding, or a thermosetting resin which cures at or 

15 below the temperature of compression molding. The thermo- 
setting resin is preferred. 

Suitable resinous binders include thermosetting 
resins such as phenolic resins, epoxy resins, urethane 
resins, melamine resins and urea resins; polyolefins such 

20 as polyethylene, polypropylene, polystyrene, an acrylo- 
nitrile/styrene copolymer, an ethyl ene/vinyl acetate 
copolymer or an ethylene /metal acrylate copolymer; hot-melt 
type polyamide resins; and hot-melt type polyester resins. t 
The shape of the web (A) with or without such a 

25 resin binder is not critical, and can be varied widely 
depending upon the purpose of use, etc. of the final 
product. Advantageously, it has a thickness of generally 
about 5 to about 60 mm, preferably about 10 to about AO mm, 
and an apparent density of generally about 0.005 to about 

30 0.15 g/cm3, preferably about 0.01 to about 0.1 g/cm3. 

The most important requirement of the web (A) 
used in this invention is that it should have a compression 
stress, at 10% compression at the temperature of the com- 
pression molding, of at least 0.5 g/cm2, preferably at 

35 least 1.0 g/cm2, more preferably at least 2.0 g/cm2. if 
the web (A) has a compression stress, at 10% compression 
at the temperature of the compression molding, of less than 
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0.5 s/cm2, it has poor retention of shape after the heat 

compression molding. 

Various known webs can -be used as the web (A) m 
this invention. Examples include "TACA No. 812" and 
> "TACA No. 810" (both products of Nippon Tokushu Toryc 
Kabushiki Kaisha); a web composed of 80 to ?0 parts by 
weight of refused wool and 20 to 30 parts by weight of an 
uncured phenolic resin powder (curing temperature 150°C); 
a web composed of 40 to 60 parts by weight of refused wool , 
10 AO to 20 parts of waste cotton and 20 to 30 parts by weight 
of an uncured phenolic resin powder (melting point 185°C; 
curing temperature 21COC); a web composed of 40 to 60 parts 
by weight of a synthetic resin fiber scrap (melting point 
more than 200OC), 40 to 20 parts by weight of waste cotton 
15 and 20 to 30 parts by weight of an uncured melamine resin 
powder (curing temperature 170°C) ; a web composed of 80 
parts by weight of glass fibers having a diameter of 8 
microns and 20 parts by weight of an uncured phenolic resin 
powder (curing temperature 180° C) ; a web composed of 85 
20 parts by weight of glass fibers having a diameter of 12 

microns and 15 parts by weight of an uncured melamine resin 
powder (curing temperature 1?0°C); a web composed of ?0 
parts by weight of short asbestos fibers and 30 parts by 
■ weight of an uncured phenolic resin powder (curing temper- 
25- ature 190°C); a web composed of 60 to 70 parts by weight of 
polyethylene terephthalate fibers having an average fiber 
length of about 3 cm and 40 to 30 parts by weight of poly- 
propylene fibers having an average fiber length of about 
1 cm; a web composed of 60 to 70 parts by weight of nylon 
30 6 fibers having an average fiber length of about 4 cm and 
40 to 30 parts of polyethylene fibers having an average- 
fiber length of about 1 cm; and a web composed of 60 to 80 
parts by weight of polyethylene terephthalate fibers having 
an average fiber length of about 5 cm and 40 to 20 parts by 
35 weight of a polystyrene powder having an average particle 
diameter of about 200 microns. 
Non-woven fibrous sheet (B) 
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The nonwoven fibrous sheet (B) are united inte- 
grally with the web (A) by heat compression molding to 
protect the surface of the shaped web (A). The greatest 
characteristic feature of the invention lies in the use of, 
5 as the surface-protecting sheet material, the sheet (B) 
which consists of a continuous unitary reticulated sheet 
structure (E) consisting of an assembly of many fibers of 
a thermoplastic polymer, the individual fibers having an 
initial modulus of not more than 5 g/denier and an elonga- 
10 tion of at least 20% at the temperature of the compression 
molding. and being interconnected in a spaced- apart re- 
lationship. Furthermore, the nonwoven fibrous seet (B) 
has a plastic deformation ratio at 30% elongation of at 
least 50%, preferably at least 50%, more preferably ?0 to 
15 100%, and an elongation stress at 30% elongation of not 
more than 0.15 kg/cm, preferably not more than 0.1 kg/cm, 
more preferably 0.03 to 0.08 kg/cm, both at the temperature 
of the compression molding. 

It has been f6und in accordance with this inven- 
20 tion that the nonwoven fibrous sheet (B) having such a 

structure and properties as described hereinabove conforms 
faithfully to the deformation of the web (A) during the 
heat compression-molding process, and can give a fibrous 
shaped article having excellent aesthetic characteristics 
25 without a gap between the web (A) and the sheet (B), 

creases in the sheet (B) , or thickness unevenness in the 
sheet (B). 

It is important that the reticulated sheet 
structure (E) which gives such a superior fibrous shaped 

30 article should consist of substantially unstretched ther- 
moplastic polymer fibers having an initial modulus of. not 
more than 5 g/denier, preferably not more than 3 g/denier, 
more preferably not more than .2 g/denier, and an elonga- 
tion of at least 20%, preferably at least 25%, more pre- 

35 ferably at least 30%-. both at the temperature of the 
compression molding, as stated hereinabove. 

Thus, any known types of reticulated sheet 
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structure can "be used as the reticulated sheet structure 
(E) used in- this invention so long as the fibers con- 
stituting the structure have the -tensile strengths and 
elongations specified hereinabove. For example, reticu- 
■j lated or nonwoven sheet structures produced by the follow- 
ing methods can be used in this invention. 

(A) A so-called spunbond or; spiribond method which 
comprises continuously extruding a molten thermoplastic 
polymer from a spinneret, depositing the extruded continu- 

10 ous filaments immediately cn a flat surface by the action 
of air or electrostatic charge (see, for example, U.S. 

Patent 3, 338, 992 ). 

(B) A method which comprise;? extruding a molten 
thermoplastic polymer containing a blowing agent through 

15 an elongated slit having a narrow' clearance, and drafting 
the extrudate almost simultaneously with the extrusion 
while quenching it (see, for example, Omori et al . U.S. 
Patent No. 3,954,928). 

(C) A method which comprises extruding a molten 

20 thermoplastic polymer thro.ugh. a spinneret , spreading the 
resulting tow into a flat shape either as filaments or 
after suitably crimping it, superposing at least two such 
spread tows, extending the assembly, and pressing it into 
a sheet form (see, for example, Japanese Patent Publication 

25 No. 6795/76). 

(D) a method which co cp rises extruding a molten 
thermoplastic polymer through a spinneret, and forming the 
resulting tow, either as such or after being cut, into a 
web by a dry or wet process (see, for example, Text. World, 

30 121, 78, 1972-6, and Inter. Text. Bull. Spinning, 4, 303, 
1969). 

Reticulated sheet structures prepared by the 
methods (B) and (C), especially the method described in 
(B), are suitable. 
35 The method (B) and the most suitable reticulated 

sheet structure obtained by this method are described in 
greater detail hereinbelow. 
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Advantageously, the reticulated sheet structure 
in which the constituent fibers have the tensile strength 
and elongation specified hereinabove can be easily produced 
by'extruding a foamable melt of a thermoplastic polymer 
5 through an elongated slit having a narrow clearance not 
exceeding 500 microns to foam it, drafting the extrudate 
at a draft ratio between the maximum draft ratio possible 
under the conditions and one- third thereof while quenching 
it near the exit of the slit thereby to fibrillate the 
10 extrudate, superposing at least two resulting thin fibrous 
sheets OF)-,' eiUher as such or after being extended in a 
direction substantially at right angles to the axes of 
the fibers formed as a result of the fibrillation, and 
pressing the superposed assembly to form a sheet (this 
15 method will be referred to hereinbelow as a "BF method"). 

The BF method is a unique method developed by 
the present assignee's company and disclosed in detail in 
U. S. Patent 3,95^,928 to Omori et al . issued May 4, 1976. 
It should be understood that in the present specification, 
20 by reference to this U. B. Patent, the disclosure of the 
U. S. Patent is made a part of the disclosure of the 

present invention . 

The thin fibrous sheet (F) obtained by the BF 
method is an assembly of a number of fibers of a thermo- 
25 plastic polymer which are aligned substantially in a fixed 
direction substantially two- dimension ally, i.e. planarly, 
and which have the above-specified tensile strength and 
elongation. The individual constituent fibers are inter- 
connected in a spaced-apart relationship to form a con- 
30 tinuous unitary reticulated structure. 

The thin fibrous sheet (F) made by the BF method, 
in the unopened or nonspread state, looks like an assembly 
of a number of ultrafine fibers arrayed in the direction 
of the axes of the -fibers (longitudinal axes). But when 
35 it is spread in a direction at right angles to the longx- 
tudinaTaxes'of the fibers (in the transverse directxon), 
the individual fibers are irregularly interconnected at 
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random in a spaced-apart relationship to form a continuous 
substantially unitary reticulated structure with the indi- 
vidual meshes having nonuniform .sizes and shapes. 

When the thin fibrous sheet (F) produced by the 

; above method is cut at ar. arbitrary point in a direction 
at right angle? thereto (at right angles to the axes of 
the fibers), the individual constituent fibers have asym- 
metrical irregularly- shaped cross sections of different 
profiles and sizes, and in addition, each of these fibers 

1C has a cross section irregularly varying in profile and 
size along its axis * 

These irregularly-shaped cross sections of the 
individual fibers are analyzed, and the following observa- 
tion is made* 

15 The area (Sf) of the cross section of each fiber 

ie measured, and the avorane diameter (Z) of each fiber 
is expressed by the following equation (1)* 

Z=2 S (1) 

wherein Sf is the area of the cross section of 
20 each fiber, and 7C is the ratio of the circum- 

ference, to the diameter of a circle. 
When the average diameter (Z) is measured on the basis of 
micropho to graphs on 100 arbitrary fiber sections, it is 
preferred that at least 30^, especially at least 90%, of 
25 "the above fiber cross sections should have an average 
diameter of from 0,05 micron to 50 microns. 

The average value (Zioo) of " tt - e averse dia^et^rs 
(Z) of the 100 cross sections is given by the following 
equation (2). 
30 100 

Zioo « ( £ Zi) • TUo (2) 

Then, ^100 is preferably within the range of from 3 microns 
to 40 microns, especially within the range of from 5 mi- 
crons to 35 microns. 

In the reticulated structure formed by extending 
35 the thin fibrous sheet (F) in a direction at rigjit angles 
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to the fiber axes, the interlocked parts are substantially 
Y-shaped, and the- individual fibers are branched in Y-shape 
to form irregular meshes having different shapes and sizes 
from one another. 

5 At least two thin fibrous sheets (F) made by the 

BF method are superimposed, and formed into the reticulated 
sheet structure (E). 

Desirably, the individual thin fibrous sheets (F) 
thus superimposed are bended relatively loosely. It is 

10 generally preferred that the laminate of a plurality of thin 
fibrous sheets (JF).. should be consolidated under a pressure 
of 1 to 10 kg/cm? at a temperature above the softening 
temperature of the constituent fibers to a temperature 
lower than their melting temperature, preferably to a 

15 temperature at least about 50OC lower than the melting 
temperature of the fibers, without the aid of a resinous 
binder* 

The fibers constituting the reticulated sheet- 
like structure (E) used in this invention may~be composed 

20 of a thermoplastic polymer which does not substantially 
melt at the temperature of the compression molding to be 
described hereinbelow. Accordingly, the nonwoven sheet 
.(B) should also desirably have a melting temperature higher 
than the temperature of the heat compression molding, 

25 preferably more than 200°C. 

Specific examples of such thermoplastic polymers 
include polymers having a melting temperature of more than 
200°C, e.g. aromatic polyesters such- as polybutylene tere- 
phthalate, polyethylene t erephthalate or polyethylene 

30 naphthalate; polyamides such as nylon 6, nylon 66 or nylon 
610; bisphenol A- derived polycarbonates; and vinyl fluoride- 
type polymers; and polymers having a melting temperature of 
not more than 200°C- i such as polyethylene, polypropylene, 
polystyrene, an acrylonitrile/styrene copolymer, an 

35 ethylene /metal acrylate copolymer, polyacetal, aliphatic 
petroleum resits and aromatic petroleum resins. These 
polymers can be used either singly or as a blend. Some of 



BNSDOCIO: <EP 0013468A1> 



- 13 - 

the above-exemplified polymers have a lower melting temper- 
ature than the temperature of the heat compression molding. 
However even such lower-melting polymers can "be blended 
with higher-melting polymers to form blended polymers 
?• having a higher melting temper ature than the temperature 

cf the compression molding. Such blended polymers can also 
oe used in this invention as the thermoplastic polymer. 

These thermoplastic polymers may, as required, 
contain small amounts of conventional additives, for 
10 example lead-containing heat stabilizers such as dibasic 

lead stearate/ dibasic lead phosphite , dibasic lead sulfate 
and lead stearate, metal soaps such as stearates or laurs- 
tes of barium, cadmium, zinc, calcium or lead, organotin 
heat stabilizers such as di-n-butyl tin, maleate and di-a- 
15 octyltin maleate, antioxidants such as organic sulfides, 
organic phosphites, phenols and amines', ultraviolet ' 
absorbers such as benzophenone compounds typified by UV-SO 
and UV-24®, benzotriazole compounds typified by Tinuvin 
P@and Tinuvin 32^®, acrylate compounds typified by 
20 Uvinul N-539® and Uvinul and salicylate compounds 

typified by TB^S, inorganic pigments such as carbon black, 
graphite, molybdenum disulfide, titanium dioxide and iron 
oxide, organic pigments such as anthraquinone compounds and 
diazo compounds, lubricants such as talc and kaolin , metal - 
25 lie powders such as aluminum and zinc powders, and high 
viscosity and mixing aids such as paraffin, silicone oil 
and polyethylene glycol. 

The average distance between, the interlocked 
points of the fibers, which defines the size of the meshes 
30 of the aforesaid reticulated sheet structure (E), is net 
strictly restricted. Generally, however, it is desirably 
within the range of 1 to 50 mm, preferably 5 to 30 mm. 
It is also preferred that the diameter of each fiber is 
within the range of 1 to 100 microns, preferably 10 to 5C 
35 microns. 

The nonwoven fibrous sheet (B) may have a thick- 
ness of generally from about 0.06 mm to about 0.2 mm, 
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preferably from about 0.08 mm to about 0.15 inn. Advanta- 
geously, the nonwoven sheet (B) has a basis weight of 
generally 15 to 150 g/m2, preferably 20 to 50 g/m2 , 
although the basis weight is not critical. 
5 Since the nonwoven fibrous sheet (B) functions 

as a surface-protective material, it desirably has 
mechanical strengths above certain limits. Specifically, 
it is desired that the nonwoven fibrous sheet (B) should 
have a tensile strength of at least 0.1 kg/cm, preferably 
10 at least 0.15 kg/cm, Bore preferably 0.2 to 0.6 kg/cm, 

and an elongation of at least 5%, preferably at least 10*, 
more* preferably 20 to 80%, both at roos. temperature. 

Furthermore, the nonwoven fibrous sheet (B) may 
have an apparent density of about 0.2 to about 0.6 g/cm3, 
15 preferably from about 0.3 to about 0.5 g/cm3. 

If desired, the nonwoven fibrous sheet (B) may 
be rendered f ire-retardant depending upon the use of the 
fibrous shaped article of this invention. This can be 
achieved, for example, by a method comprising dipping the 
20 nonwoven fibrous sheet (B) in a solution or dispersion of 
a fire retardant; a method comprising coating the surface 
of the nonwoven sheet (B) with a solution or dispersion^ 
-. of a fire retardant; or a method which comprises rendering 
the thin fibrous sheets (*) produced by Hie BF method fire- 
25 retardant by the above methods before lamination and then 
laminating the fire-retardant fibrous sheets (F) or a 

■ • vi.^ir,.? a fire retardant with the molten 
method comprising blending a lire rewiua 

thermoplastic polymer. Examples of f ire retardants that 
can be used in the above methods are solid fire ret arda nts 

30 such as decabromodiphenyl ether, tetrabromobisphenol A and 
carbonate oligomers thereof, hexabromobenaene, tetrabromo- 
phthalic anhydride and perchloropentacyclodecane ; and 
liouid fire retardants such as bro mo trichlorome thane, 
tetrabromoethane , 1 , 2- dibro.no- 1 ,1 ,2,2- tetrachloxo ethane , 

35 tribromopropane and tris-<2 , 3-dibromo P ropyl) phosphate. 
Of these, decabromodiphenyl ether, tetrabromophthalic 
anhydride, and hexabromobenzene are preferred. 
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If the ncnvnven fibrous sheet (B) adheres to the 
surface of a mold in the heat compression molding to he 
described hereinbelow, it will reduce productivity. 
Desirably, therefore, the nonwoven fibrous sheet (B) should 
5 have an adhesion strength cf generally not nore than 7 
g/cra2, preferably not more than 4- g/cm^ v/ith respect to 
metals at the temperature of the heat compression molding 
process. When the sheet (B) has a higher adhesion strength 
than the above-specified value, a mold releasing agent nay, 
10 as reouired, be applied to at least that surface of the 

sheet (B) which is tc make contact with the mold. Example? 
of such a mold releasing agent are polyd^^tjiyl silcxane , 
Teflon particles, liquid paraffin, graphite, and molybdenum 
disulfide particles. 
15 The non-woven fibrous sheet (B) may optionally be 

reinforced with reinforcing fibrous materials. Separated 
spun fibers, non-woven fabrics prepared from such spun 
fibers, etc. can be used as the reinforcing fibrous 
materials. Desirably, the reinforcing fibrous materials 
20 have a tensile strength of generally at least 0-1 kg/cm, 
preferably at least 0.2 kg/cm. The sufficient amount of 
the reinforcing fibrous material to be incorporated in the 
nonwoven sheet (B) is generally not more than 30% by weight 
- based on the weight of the non-woven sheet (B). An espe- 
25 cially preferred type of reinforcing nonwoven fabric is 

the one disclosed in Japanese Patent Publication No. 6795/76 
in which a number of spun fibers laid parallel to one 
another are bonded at spaced intervals. 
Laminated Structure (D) 
30 The nonwoven fibrous sheet (B) described herein- 

above is superimposed on one or both surfaces of the non- 
woven fibrous web (A) and compression-molded under heat in 
accordance with this invention. In superposing the web (A) 
and the sheet (B) , it is important to select the web (A) 
35 and the sheet (B) such that the compression stress (g/cm2 ; 
to be abbreviated "T") of the web (A) at 10% compression 
at the temperature of the heat compression molding and the 
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elongaticn stress (kg/cn ; to be abbreviated »S") of the 
sheet (B) at 30% elongation at the temperature of the 
heat compression molding satisfy the following equation 

(3). , . 

5 S=0.03T (3; 

It has been found in accordance with this inven- 
tion that when the compression stress T of the web (A) and 
the elongation stress S of the sheet (B) are in the rela- 
tion shown by equation (3) above, no crease occurs in the 
10 laminated compression-molded < structure of the web (A) and 
th« she'et (B) in the vicinity of the boundaries between 
the raised and depressed portions, nor gaps occur between 
the web (A) and the sheet (B) at the bottoms of the 
depressed portions, and that even when heat compression . 
15 molding is performed at very high deformation ratios (i.e., 
with sharp projections and depressions), a fibrous shaped 
article can be obtained which has a very beautiful appear- 
ance with clear contours of raised and depressed portions. 

Advantageously, the web (A) and the sheet (B) are 
20 combined so that they satisfy the following relation: 

S^0.025T (3-D 

especially 

0.02T (3-2) 
Some specific examples of such a combination are 

25 tabulated below. 
Combination 1 

(i) Nonwoven fibrous web (A) 

A reticulated sheet structure obtained by laminat- 
ing two or more fibrous sheets <*) prepared from 70% by 

30 weight of polyethylene terephthalate and 30% by weight of 
isotactic polypropylene by the method described m (B) 
above, spreading the laminate, and pressing it at 140 C 
and 10 kg/cm2. ^reticulated shefct structure has a basis 
weight of 37 B/*2,. and an elongation stress at 30% elonga- 

35 tion of 0.06 kg/cm and a plastic deformation ratio at 30% 
elongation of 72% when compression-molded at 180°C. 

(ii) Nonwoven fibrous sheet (B) 
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"TAG A No- 812" (a trademark for a product of 
Nippon Tokushu Toryo K„ E. ; having a compression stress (T) 
at 10% compression at 180°C of 5-5 to 8.7 g/cm 2 )* 
Combination 2 

r ? (i) Nonwoven fibrous web (A) 

A reticulated sheet structure obtained by laminat- 
ing two or more fibrous sheets (F) prepared from a blend of 
80% by weight of nylon-6, 10>r by weight of isotactic poly- 
propylene and 10% by weight of high-density polyethylene by 

10 the method described in (3) above, spreading the laminate 
and pressing it at 1 50° C and 5 kg/cn2 0 The reticulated 
sheet structure has a basis v;eight of 30 g/m2 and an 
elongation stress (S) at 30% elongation of 0.07 kg/cn. and 
a plastic deformation ratio at 30% elongation of 75%- when 

15 compression molded at 165°C. 

(ii) Nonwoven fibrous sheet (B) 

A glass mat composed of 80% by weight of glass 
filaments having a diameter of 7 microns and 20% by weight 
of a water-soluble uncured phenolic resin and having an 

20 apparent density of 0.012 g/cm3 (a compression stress (T) 
at 10% compression at 165°C 0.9 -1.5 g/cm 2 ), 
Combinati on 3 

(i ) Nonwoven fibrous web (A) 

A reticulated sheet structure obtained by spin- 
25 ning 100% by weight nf polyethylene terephthalate at a 
spinning speed of 500 m/nin. to form 8-denier filaments, 
bundling them into a tow-, spreading the tow in the trans- 
verse direction, applying 3-5% "by weight of polyacrylate 
to form a fibrous sheet, laminating two or more such 

30 fibrous sheets, spreading the laminate, further applying 
3.5% by weight of polyacrylate, and pressing the spread 
laminate at 180°C and 10 kg/cn 2 . The reticulated sheet 
structure has a basis weight of 40 g/m 2 and an elongation 
stress (S) at 30% elongation of 0.9 kg/cm and a plastic 

35 deformation ratio at 30% elongation of 70% when compression 
molded at 185°C. 

(ii) Nonwoven fibrous sheet (B) 

BAD ORIGINAL 
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i mat having an apparent density of 0.06 g/cn3 

„p ==-h<.=tos The mat has a compression stress 
and composed of asbestos. "» „/„„2 
(T) at 10% compression at 185°C of 1.3 to ,.0 g/cmZ. 

Depending upon the materials of the web (A) and/or 
, the sheet (B) , the web (A) and the sheet (B) may he inte- 
grally bonded without any intervening bonding material . 
If reared or preferably, it is convenient to interpose 
"twlen them a polymeric sheet (C) capable of melt^g 
the temperature of the compression molding. 
,0 The polymeric sheet (C) for bonding shouid 

desirably have, a mating temperature lower than the temp.r- 
Xre of the heat compression molding of the laminated 
arure 01 about 5°C lower .than the 

structure (D) , preferably at least aoo 7 ^.^vnariy 
temperature of the heat compression molding P«f^££ 
^ . . 0 -k-„+- "i nno c and about lBO^C. 

15 a melting temperature between about 10U ^ a ^ 
It may be in the form of a film, a perforated film, a non 
w oven 7 fabric, a woven fabric, a knitted fabric etc ^ost 
preferably, a reticulated sheet structure produced from a 
^la^ic polymer having a low melting 
20 the method disclosed in U. S. Patent No. 3 9 ^9 28 (BP 
method) is used as the Ending polymery sheet (C), and 

resulting laminate 

superimposed on tne sneeu vo;i 

sup v . , , f.\ 4-n form the laminated 

' is then superposed on the web (A) to lorm 

structure (!>)• ^y^t- ( C \ 

25 Suitable materials for the polymeric sheet (C) 

rp for example, a hot melt-type film or nonwoven fabric 

Ipo/ed ofTol^ropylene, polyethyiene , an ethyl- ™yl 
acetate copolymer or an ethyl ene/metal acrylate copolymer, 
Tfllm or nonwoven fabric composed of a polyamide-type 

, a film or nonwoven fabric composed of a 

30 hot melt polymer, a film or nonw fabr ic 
™ivester-type hot melt polymer, or a nonwoven fabric 
poiyes-cer ojr^c , n vmcured melamine 

composed of an uncured phenolic resin, an unc 

resin or an uncured epoxy resin. 

The polymeric sheet may have a basis weight of 
35 generally about 0.5 to about 100 g/m*, preferably about 1 

to about ^V^^ a therooplast ic or heat-curable 
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resin powder having a lower melting temperature or curing 
temperature than the t emperature of the heat compression 
molding, preferably a melting temperature within the range 
of about 100 t- about POO^C, .is used as a bonding material, 
c . and spread in an aaount of about 5 to about 100 g/m2 on the 
superposed surface between the web (A) and the sheet (B), 
and the resulting assembly is then compression-molded under 
heat . 

Compression mcldinp; under heat ^ 
10 The laminated structure (D) may be compression- 

molded under heat in a mold in accordance with a method 

known per se . 

The temperature of the heat compression molding is 
not critical, and can be varied widely according to the 
15 types of the web (A) and the sheet (B) used, etc. Needless 
to say, it must be at least above a point at which the web 
(A) and the sheet (B) deform under heat. Usually, it is 
from about 120°C to a point 10°C lower than the melting 
point of the lcwer-melting one of the web (A) and the 
20 sheet (B), particularly from about '1 50° C to a point 20°C 
lower than the melting temperature of the lower-melting 
one of the web (.i) and the sheet (B). 

The compression pressure used at the time of heat 
compression molding varies according to the properties 
25 required of the final fibrous shaped article, the type of 
the web (A) used, etc., and cannot be definitely set. 
Usually, pressures of 0.01 to 50 kg/cm 2 , preferably pres- 
sures of 0.02 to 20 kg/cm 2 , are advantageously used. When 
the web (A) is composed of inorganic fibers, pressures of 
30 0.01 to 20 kg/cm 2 , preferably 0.02 to 3 kg/cm 2 , are suit- 
able, and when the web (A) is composed of organic fibers, 
pressures of 0.02 to 50 kg/cm 2 , preferably 0.1 to 20 kg/cm 2 , 
are suitable. 

Preferably, the compression molding should be 
35 carried out so that the degree of compression, i.e. the 
ratio of the average thickness of the laminated structure 
(D) before the compression molding to that of the fibrous 
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shaped article, becomes generally (1.1 - 15) :1, preferably 

" 8) This thickness ratio 'can be varied from place to 
place in the same fibrous shaped article. By partly vary- 
ing the thickness ratio, it can be expected to improve the 
frequency dependence of the sound absorption ratio or to 
improve other characteristics. 

The heat compression molding can be carried out 

"by using ordinary molds. 
TS hrous shaped article (D 1 ) 

: m e fibrous shaped article provided by this inven- 
tion nas 'raised and depressed portions at least on one 
surface of the article which is covered with the sheet (B). 
As shown in Figure 2, the surface of the fibrous shaped 
article 1 is characterized by having a non-level structure 
composed of a combination of raised portions 2 and depres- 
sed portions 3 lower in level than the raised portions. 
The other surface of the fibrous shaped article may be a 
uniform flat surface or a non-level surface. 

The profiles of the raised and depressed portions 
are not limited, and can be varied widely according to the 
end use of the fibrous shaped article. However, in view 
of the properties of the web (A), it is generally difficult 
to form a uniform and orderly-shaped molded article having 
25 depressed portions which are extremely deep in comparison 
with the area of their topmost portions. The area of the 
topmost portions of the depressed portions is equal to the 
surface area of the sheet (B) side of the laminated struc- 
ture (D) before the compression molding. Accordingly, in 
the surface of the fibrous shaped article of this invention, 
the total surface area of each depressed portion is typi- 
cally at most *.0 times, preferably at most 2.5 times, the 
area of its topmost 1 portion. 

The average proportions of the raised and depres- 
35 sed portions in. the entire surface of the fibrous shaped 
article- can be shown by the, S/S 0 ratio wherein S 0 is the 
total surface area of the sheet (B) side of the laminate 
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before molding, and S is the total surface area the ncn- 
level sheet (B) side (the sane side as above) of the 
fibrous shaped article after molding. The S/S G ratio is 
desirably fr~n 1.01 to 2,0, preferably from 1.03 tc 1.7- 
f In the fibrous shaped article provided by this 

invention., the web (A) as a substrate and the sheet (B) 
as a surface material are coinplet ely integrated so that 
the surface of the sheet (B) is free from creases or 
unevenness, and tht- contours of the boundaries of the 
10 raised and depressed portions 3re clear to present a very 
beautiful appearance. 

In addition, the fibrous shaped article of thic 
invention has superior properties described below. 

The thickness and. density of the fibrous shaped 
15 article are not critical, and can be varied widely accord- 
ing to the end use of the article. Conveniently, it has 
a thickness of generally about 1 to 60 mm, preferably 
about 1.5 to 50 mm. Its suitable density is generally 
about 0.02 to about 0,5 g/cn3, preferably about 0,05 to 

20 about 0.3 g/cm3. 

Other typical properties required of the fibrous 
shaped article of this invention are as follows: 
(a) Air permeability 

>2 ml . cn~ 2 , sec~l , pref erably^lO ml . cm"* 2 , sec" 1 
25 (b) Sound absorption ratio 

100 - 50C Hz >3><s preferably>5% 

500 - 2000 Hz >3%, preferably>5% 

2000 Hz >30%> preferably y 70% 

(c) Flexural strength 

30 >0,03 kg. cm -1 , pref erably>0 ,05 kg.cn" 1 

(d) Modulus of elasticity 

>0.04 kg. cm" 2 , pref erably>0. 08 kg.cn" 2 
Utility of the fibrous shaped article 

As stated hereinabove, the fibrous shaped article 
35 of this invention has superior aesthetic characteristics 
and functional properties, and can be widely used in 
various applications including soundproofing materials for 
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buildings and vehicles, particularly a soundproofing plate 
for an engine room cf an automobile, anti vibration materials 
for machines and vehicles, and heat insulating walls for 
buildings, instrument panels in vehicles, suitcases and 
cases for electric appliances. 
Definition of tec hnical terms 

(1) Compression stress at 10% compression 

Let the thickness of web (A) upon the application 
of an initial load of 0.05 z/<^ Z be oq, then the "compres- 
sion stress at 10% compression" of web (A) is defined as 
the load ( S /cig2) required to reduce the thickness of the 

web (A) to 0.9dQ. 

This load can be easily measured by securing an 
attachment for measuring compression stress to an Instron- 
type tensile tester. A circular plate having a diameter 
of 10 cm is cut out as a measuring sample from web (A), 
and mounted on the Instrcn-type tensile tester. At a com- 
pression deformation speed of 1 cm/mi n. , the load required 
to reduce the thickness of web (A) to 0.9do is measured. 

When the web (A) has a thickness of less than 2 
cm, such webs are superimposed until the total thickness 
of the laminate exceeds 2 cm to obtain a measuring sample. 

The "compression stress at 10% compression at 
the temperature of heat compression molding" is defined as 
the aforesaid load which is measured after heating the 
sample mounted on the tensile tester to the temperature of 
heat compression molding of the laminate (D). Heating is 
done by using an air heating box. The temperature of the 
sample is measured by a thermocouple having a diameter of 
not more than 1 mm embedded nearly centrally in the sample 
When the temperature of the sample reaches a point oust 
20OC below the temperature of heat compression molding, 
the sample is mounted on the tester. An initial load of 
0.05 g/cm2 is exerted, and the temperature is raised at a 
> rate of 1 to 5°C/min. When the temperature of the sample 
reaches the temperature of the heat compression molding, 
the sample is allowed to stand for one minute, after vhac* 
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the measurement of the lead is made. 

If the sample is markedly denatured at lower 
temperatures than the temperature of heat compression 
raiding, and the oearared valiie^ greatly varies depending 
5 upon the rate " f temperature rise, the compression stress 
of the sample at an infinite- rate of temperature rise is 
determined by extrapolation, and made the "compression 
stress at 10?-' : compression . " 

The ''compression stress at 10% compression" , 
10 as used in the present application , is an average value 
of five replicates. 

(2) Plastic def ormati --n ratio at 30% elongation and 
elongation stress at 30% elongation 
These are measured by an Instron-type tensile 
15 tester. A sample, 10 cm long and 5 cm wide, is stretched 
by about 3 cm at a tensile speed of 10 cm/nin. , and main- 
tained in this state for 1 minute. The tensile force 
(kg/cm) per cm width required to maintain this state is 
defined as the "elongation stress at 30% elongation. " 
20 Then, at a speed of 10 cn/nin. , the tester is 

returned to the original position. When the tensile force 
is reduced to 0.002 kg/em, the .distance (b cm) between 
the chucks of the sample is measured- The "plastic de- 
* formation ratio at 30% elongation" is given by the follow- 
25 ing equation . 

b j[ 0 10 x 100 (%) 

The plastic deformation ratio and elongation 
stress at 30% elongation at the temperature of heat com- 
pression molding can be measured by the aforesaid method 

30 after the sample mounted on the Instron-type tensile 

tester is heated to a temperature equal to the temperature 
of compression molding of the laminate (D) . Heating of 
the sample is usually done by an air heating box. 

Hie sample is mounted on the testing machine as 

35 soon as the temperature of the central part of the samp] e 
reaches a point just 20°C below the temperature of compres- 
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sion molding. An initial load of 0.01 kg (a tensile force 
of 0.002 kg/cn) is exerted, and the tenperature is raised 
at a rate of 1 to 5°C. After the temperature reaches the 
predetermined tenperature and the sample is allowed to 
5 stand fcr one minute., the measurement is started as stared 
hereinabove. 

If the sample is denatured considerably at lower 
temperatures than the temperature of compression molding 
and the measured value considerably varies depending upon 
10 the rate 'of temperature rise, the plastic deformation ratio 
and the elongation stress at an indefinite rate of temper- 
ature rise are determined by extrapolation , and made the 
"plastic deformation ratio and the elongation stress at 

30% elongation . " 

15 if the measured values differ according tc the 

direction in which the sample is cut out, the plastic 
deformation ratio at 30% elongation is that of a sample 
which is cut out in the direction that gives the lowest 
measured value, and the elongation stress at 30% elonga- 

20 ticn is that of a sample which is cut out in the direction 
that gives the highest measured value. 

The "plastic deformation ratio af 30% elongation" 
and the "elongation stress at 30% elongation", in the 
present application, are average measured values of five 

25 replicates. 

(3) Tensile strength, initial modulus and elongation 

Tt> the case of sheet (B) 

A sample, 5 cm wide, is mounted on an Instron 
tensile tester while adjusting its initial length to 10 cm, 
30 and pulled at a tensile speed of 10 cm/min. until it breaks. 
The maximum strength at breakage is defined as the 
"strength", and the elongation at this time is defineda 
as the "elongation ". i The strength and elongation value 
are number averages , of five replicates- 
35 Tn the ca se of fiber 

A fiber used in the nonwoven fibrous sheet (B) 
is mounted on an Instron-type tensile tester equipped with 
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an air heating box. The initial length cf the sample fiber 
is adjusted to 0.5 cm, and pulled at a tensile speed of 
0.5 cm/min. When these properties are to be measured after 
heating the fiber sample t'. the molding temperature^ the 

7 .-ame ceth^ds as in me usuring the * pi astic deformation ratio 
and elongation stress at 50% elongation are used. 

The initial modulus is expressed by the gradient 
•*. f the tangent to the rising portion of the resulting 
stress-strain curve. The unit is g/denier. The elongation 

10 is the elongation {%) of the fiber at breakage. A number 
average of five replicates is taken. 

(4) Temperature of heat compression molding 

The temperature of heat compression molding is 
the maximum temperature to which the nonwoven fibrous 

15 sheet (B) is heated at the time of compression molding 

under heat. Usually, it is equal to the surface temper- 
ature of a mold contacting thenonwaven fibrous sheet (B). 
This temperature is preferably at least 150OC but not 
exceeding a point 20°C below the melting temperature of 

20 the nonwoven fibrous sheet (B) , more preferably at least 
170°C but not exceeding a point 50°C belcw the melting 
temperature of the nonwoven fibrous sheet (B). 

On the other hand, the surface temperature of a 
mold contacting the nonwoven fibrous web (A) is preferably 

25 at least a point at which the curing or heat fusion of the 
web (A) begins but not exceeding the melting temperature 
of the web (A)« Usually, it is within the range of 180 to 
250°C, preferably 190 to 240°C. 

(5) Melting temperature 

30 The sample is placed on a hot plate, and heated 

at a rate of 10°C/min. The melting temperature of the 
sample is defined as the temperature at which the sample 
is melted, and deforms until the original shape is no 
longer seen. 

35 (6) Apparent density 

The apparent density of web (A), sheet (B) or 
fibrous shaped article (D ! ) is determined in accordance 



BNSDOCIDkEP 0013468A1 



BAD ORIG/NAL d 



0013468 

- 26 - 

with the following equation on a square sample (each side 
measuring 10 cm) cut out from the web (A) or sheet (B). 

Apparent density (g/cm3) = 10 0 W x d 
wherein w is the weight (g) cf the sample, and 
5 d is the thickness (cm) of the sample. 

The thickness d of the web (A) is that of web 
(A) measured when a load of 0.05 g/cn2 is exerted on it. 
The thickness d of sheet (B) and fibrous shaped article 
(D 1 ) is the one measured by a dial thickness gauge. The 
10 thickness in either' case is measured at five different 
points, and an average value is taken. 

(7) Average distance between interlocked points 
and the diameter of fiber 

These are determined by observing the reticulated 
15 sheet structure with a magnifying glass or a microscope. 
In the reticulated sheet structure, the individual fibers 
are connected two-dimensionally or three-dimensionally. 
By taking a photograph of the sheet structure through a 
magnifying glass of a known magnification ratio, the 
20 distance between the interlocked points can be measured. 
Since the interlocked points have a definite size, the 
distance between the interlocked points is the distance 
between the center of one interlocked point and the center 
of another interlocked point. The "average distance 
25 between interlocked points" of the reticulated sheet 
structure is the number average of 100 replicates. 

The "fiber diameter" is determined in accordance 
with the following equation after measuring the area Sf 
(average of 100 replicates) of the cross section of the 
30 fiber by taking a microphoto graph ofthe fiber cross sectxon 

Fiber diameter = 2^/^f 

yC=the ratio of the circumference to 
the diameter of a circle 
(8) Adhesion strength to metal 
55 A circular iron plate (A) having a pear skin-like 

hard chrome-plated layer of 150 mesh and having a diam*t*r 
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of 5.0 cm and 3 weight of 137 g is placed on the under- 
surface plate r >f a press machine. In the meantime, a flat 
iron plate (B) having a pear skin-like hard chrome-plated 
lay^r of 150 mesh i= fixed to the top surface plate of the 
5 press machine. The flat iron plate (B) is broader than 
the circular iron plate (A). 

The chrome-plated surfaces of the circular plate 
(A) and the flat plate (B) are maintained at a predetermined 
measuring temperature. A sample in circular plate form 
10 with a diameter of 6.0 cm is placed so as to cover the 
entire surface of the circular plate (A). The press 
machine is operated, and the sample is pressed for 1 mi mure 
at 10 kg/cm 2 by means of the circular plate (A) and the 
flat plate (B) and the lead is released. The above opera- 
15 tion was repeated five times. When the circular plate (A) 
can be removed from the flat plate (B) without breakage of 
the sample at the time of releasing the load, the metal 
adhesion strength of the sample is defined as not more 
than 7 g/cm 2 . 
20 (9) Air permeability 

Measured in accordance with JTS P8117 using a 
B-type Gurley DEN SOME TER- The air permeability (p) is 
given by the following equation. 

p . „ . 100 n = %L (ml cm-2 sec"*) 

y 5.0 x 5-0 x t t 

25 wherein t is the time in seconds required for 

100 ml of air to pass through a sample having 

a cross sectional area of 5.0 x 5*0 cm. 

(10) Sound absorption ratio 

Measured by using a stationary wave method (per- 

30 pendicular incidence method). A measuring sample is placed 

in one end of a tube having a diameter of 10 cm, and sonic 

waves having a fixed frequency are put into the other end 

of the tube to form stationary waves. The maximum and 

the minimum of the sonic pressure are measured by a micro- 

35 phone, and the ratio (S) of the maximum amplitude to the 

minimum amplitude of the stationary waves is determined. 
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OHe- ratio of sound absorption (a) is given by the follow- 
ing equation. 

Ratio Of 4-S 2 10Q (an 

sound . (<0 = 2 ^ ' 100 ^ 
absorption + 1 ' 

wherein S is the ratio of the r_aximum to 
the -inimur. of the sonic pressure, 
larger a values indicate better sound absorb- 
ability. 

(11) Flexural strength and modulus of elasticity 

Measured by neans of an Instrcn-type compression 
stress tester, a sample, 5-0 * 15 cn, is placed on two 
support heads each having a radius of curvature of 0.5 cn 
and a width of 7.0 cn and spaced from each other by 10 cm. 
and the central part (the point equidistant (5cm) from 
each support head) of the sample is fixed to a stress 
15 gauge for measurement of compression stress. The sample 
is bended at a compression speed of 5-0 cm min. using 
another support head having a radius of curvature of 0-5 cc 
and a width of 7-0 cm, and the loadflex curve of the sample 
iB plotted. The flexural strength (f) and the modulus of 
elasticity (e) of the sample are calculated in accordance 
with the following formulae. 

Flexural strength (f) = -|- (kg cm" ) 

wherein F is the load (kg) at the breakage 
of the sample. 

E 

25 Modulus of elasticity (e) - -5- 

wherein E is the load (kg) determined when 
the initial gradient straight line of the 
lo ad- flex curve is extended to a flex amount 
of 1 cn. 

30 (12) Heat mol debility 

The "heat moldability" in the following Examples 

is evaluated in the following manner. 

Female and male molds which have a radius of 7-5 
cm and projecting from the centers thereof include a 
circular truncated cone having a height of 1.5 on, a top 
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surface diameter of 2.8 cr. , a lower bottom surface diameter 
of 5.0 cm and an edge radius of curvature of 5 ram are 
mounted on the bottom and top plates of a press machine 
(the male cold it fixtd tr- thp t'.p plate), 
c The surfaces of tht tv,1 dr. arc heated tc a pre- 

determined measuring temperature, and a laminate (D) com- 
posed of web (A) and sheet (5) is placed on the female mold 
and pressed. (Unless otherv.dse specified, the sheet (B) 
is held by a ring having an inside diameter of 20 cm, and 
10 placed on the mold.) Care is taken at this time not to 

exert the lead of the ring on the web (A). After separat- 
ing the molds, the molded fibrous article is taken cur, 
and visually examined. When heat molding is not performed 
satisfactorily, the following phenomena occur. 
15 (1) The web (A) and the sheet (B) separate from each 

other at the circumferential part of each of the top and 
lower bottom surfaces of the circular truncated cone (this 
is termed '•float"). 

(2) The sheet (B) becomes thin as a result of de- 
20 formation (this phenomenon is termed "wear away"). 

(3) The sheet (B) sticks to the melds and breaks. 
(*»■) Creases occur in that direction of the sheet (B) 

which is at right angles to the circumference of the 
circular truncated cone. 
25, After five replicates, a phenomenon which occurs 

three or more times is recorded. The results are evaluated 
on the following scale. 

The phenomena (1) to (4-) do not occur 
in five replicates . and a molded sheet 
30 conforming well to the contours of the 

molds is obtained. 
Q ..... The phenomena (1) to (3) occur slightly. 

The extent of occurrence is as follows: 
In the case of (1) and (2), the extent is 
35 less than 1/20 of the circumference at 

the top or bottom surface where the defect 
occurs (an average of five replicates). 
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In the case of (3), one or more camples 
broken in an area of 5 ran 2 or less occur. 
When the phenomena (1') to (4) occur to an extent 
greater than that expressed by Q t . such phenomena should 

5 be indicated. 

(13) Elongation at the time of heat molding 

When the laminate (D) is compression-molded under 
heat, the sheet (B) stretches or contracts in a certain 
direction. Die proportion (%) of the stretched or con- 
10 tracted length to the original length is defined as the 
elongation . 

This can be determined by marking the surface of 
the sheet (B) with a line of a certain fixed length, and 
measuring the length of the line after the heat compression 
15 molding, and calculating the ratio of the increase or de- 
crease of the line to the original length. 

The following Examples illustrate the present 
invention in greater detail. It Should be understood 
however that the- scope of the invention is not limited to 
20 these specific Examples. 

The abbreviations used in these Examples have 

the following meanings. 

PET: polyethylene terephthalate 

Ny-6: nylon 6 
25 Ny-6, 6: nylon 6,6 

PP: i so tactic polypropylene 

Example 1 

A blend of 69-5% of polyethylene terephthalate 
chips having an intrinsic viscosity of 0.73, 29-2* of 
30 polypropylene, 0.3T* of carbon black and 1.0% of talc was 
placed into a hopper. Hot air at 1AOO C was blown into 
the hopper for 2 hours to dry the chips. The blend was 
then fe.d into a screw whose melting zone was maintained at 
a temperature higher than the melting temperature of poly- 
35 ethylene terephthalate, melted, and transported. Nitrogen 
at a pressure of 60 kg/cm2 was blown from a vent portion, 
and then in the metering zone, the molten polymers and 
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nitrogen -were fully kneaded. Thr- kneaded mixture «ac passed 

a ^ry-'.r'-l of th- <?--. --'til » and discharged at a rate of 
60 g/min. from a ring die having a diameter of 16 cm and a 
-lit width of 0.25 nr.- Vhil * -oolinc the eytrudete with 
a coolinc air, the extrudate v&e ffcmrid up st a speed of 
50 m/min. which was 0.8 tinr.s the maximum draft. Ms, 
« reticulated fibrous sheet (PF) having numerous cracks in 
che wound-up direction was obtained. The sheet was extended 
tc two times the original dimension in the transverse direc- 
10 tion and the average distance between the interlocked 

•ooint and fiber . diameter was measured. The average distance 
between the interlocked points of the resulting sheet was 
12 mm, and the fiber diameter was 52 microns. The fibers 
of this sheet (PF) had an initial modulus of 0.6 g/de and 
15 an elongation of 60%, both at 190° C. 

Thirty-two such fibrous sheets (PF) were laminated, 
and extended to 10 times-: in the transverse direction by 
feeding the laminate at an overfeed ratio of 1.9- The 
extended laminate was pressed at 130°C and 10 kg/cm2 to 
20 obtain a nonwoven fabric (B) having a basis weight of AO 
g/m2, a thickness of 110 microns, a strength of 0.3 kg/cm 
and an elongation of 50% in the machine direction, a 
strength of 0.2 kg/cm and an elongation of 15% in the 
transverse direction, and an apparent density of 0.56 g/cm . 
25 At 190°C, the nonwoven fabric (B) had a plastic 

deformation ratio at 30*' elongation of and an elonga- 

tion at stress at 30% elongation of 0.065 kg/cm. 

The nonwoven fabric (B) was placed on one surface 
of a nonwoven fibrous web (A) having a basis weight of 
50 1,200 g/m 2 and a thickness of 2.5 cm and composed of 20% 
of uncured phenolic resin particles (the temperature at 
which these particles begin to cure was 185°C), AO% of 
waste cotton and AO?i of refused wool, and the heat mold- 
ability of these sheets was evaluated by the method de- 
35 scribed hereinabove (the- ratio of depressed portion to 
raised portions in the entire area 1.05; the ratio of 
depressed portions to raised portions in the circular 
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truncated ccne portion (the deforming portion) 1.48). The 
male mold was maintained at 190°C, and the female r.old, at 
230°C. The nonwoven fabric was placed on the male acid, 
and a spacer was provided so that the thickness of the 
5 fibrous shaped article would be 4 tan. The assembly was 

pressed for 1 minute. The heat ooldability of the asrrmbly 
was very good, and the naximuz. heat deformation occurred on 
the side surface of. the circular truncated cone. At this 
portion, the elongation of heat molding was 35%- 
10 The nonwoven fibrous web (A) had a compression 

stress at 10% compression at W'-'C of 6.3 g/cm2. 

A nonwoven polypropylene fabric (C) having a basis 
weight of 3 g/m2 was laminated to the nonwoven fabric (B). 
The nonwoven fibrous web (A) was laminated on the polypro- 
15 pylene nonwoven fabric side. The nonwoven fabric (B) side 
was maintained at 195°C, and the web (A) side was maintained 
at 230°C, and the laminate was molded for 1 minute to give 
an uneven surface having a ratio of depressed portions to 
raised portions of 1.2. In the resulting fibrous shaped 
20 article (D) , the web (A) adhered fir=ly to the nonw-ver, 
fabric. The fibrous shaped article (D) had an apparent 
density of C.3, and ite plain region had a flexural 
strength of 0.054 kg/cm and a flexural modulus of 0.12 
kg/cn 2 , showing superior mechanical properties. The aes- 
25 thetic characteristics of the nonwoven fibrous fiber (B) 

side of the shaped article were also superior. The product 
had a sound absorption ratio of 73% at 3,000 Hz when it was 
measured after providing a space of 5 cm at the back of 
the plain region. 
30 Examples 2 to 6 arid Compara tive Examples 1 to ^ 

In these examples, each of nonwoven fibrous 
sheets (B) made of various materials and having various 
initial moduli and "elongations of fibers and various plastic 
deformation ratios and elongation stresses at 30% elonga- 
35 tion, a nonwoven polypropylene fabric (serving as an 

adhesive) having a basis weight of 3 g/o 2 were combined, 
and the heat moldability of the assembly was evaluated m 
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accordance v;ith the T.ethrd dos-^ribed hereinabove (the ratio 

:\ -d r--rricn-- tr v portions of the entire 

article 1.05; the ratio of depressed portions to raised 
portions at the circular truncated cone portion (deforming 
7>vrtio n) 1 „^8) « 

Molding conditions 

The nonwoven fibrcup sheet (B) v/as placed on the 
.side of the male mold, and the nonwoven fibrous web (A), 
on the side of the feral e mold. 
10 Molding thickness = 4 mis (using a spacer cf 4 cud) 

The molding temperature is shown in the table. 
The stress of the nonwoven fibrous web at 10v- 
compression at varying temperatures was as follows: 
160°C 180°C 200°C 220°C 

15 6.7 6.0 5-3 4-. 3 

The various nonwoven fibrous sheets (B) used were 
as follows: 

(S) PET-PF28/FET-DF 1 

Twenty-eight layers of the (PF) obtained in 
20 Example 1 and one layer of a parallel -laid sheet (DP) having 
a basis weight of 27 g/n 2 obtained by spreading a drawn- 
cximped tow (draw ratio 3«5; the number of crimps 16 per 
inch) of 2-denier PET monofilaments and applying 4% of 
polyacrylate, so that (DF) was placed at the center of the 
25 laminate. The proportion of the DF was 17%- Ihe laminate 
was extended, and pressed "under the same conditions as 
above to form a sheet having a basis weight of 42 g/m^ and 
a thickness of 105 microns. 

(S) (Ny-6)-FF 24 
30 A sheet having a basis weight of 28 g/m 2 and a 

thickness of 95 microns which was obtained by melting a 
blend of 79% of nylon-6 chips having an intrinsic viscosity 
(•0 of 1.3, 19-5% of polypropylene chips, 0*3% of carbon 
black and 1*2% of talc, blowing nitrogen into the molten 
35 blend, and kneading the mixture , extruding the kneaded 
mixture from a slit having the same profile at a rate of 
55 3/min* , winding up the extrudate at c; rate of 54- m/min- 
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(77% of the maximum draft ratio) to obtain reticulated 
sheets having cracks and an average distance of interlocked 
points of 5 cm, laminating 24 layers of these reticulated 
sheets, feeding the laminate at an overfeed ratio -f 1.9, 
5 e>rtending it to 6.0 times the original dimension in th- 
transverse direction, and then pressing the extended 
laminate at 154°C and 15 kg/:n2. 
(S) PET-UF 2 

A sheet having a basis weight of 75 g/° 2 and a 
10 thickness of 130 microns which was obtained by spreading 
undrawn filaments of PET with a mo no filament denier size 
of 6.5 denier, applying 4% of polyacrylate to the filaments 
to obtain a parallel-laid filamentary sheet (UP) having a 
basis weight of 170 g/m 2 and ah average distance between 
15 interlocked points of 4 mm, laminating two such sheets 

(UF), extending the laminate under the same conditions as 
in Example 1, further applying Jyc of pclyacrylate , and 
pressing the laminate under the same conditions as in 

Example 1. 
20 (S-) (Nv-6)-UF 2 

A sheet having a basis weight of 81 g/m2 and a 
thickness of 138 microns which was obtained by spreading 
undrawn filaments of Ny-6 having a monofilament denier size 
of 7.0 denier, applying 4% of polyacrylate to obtain a 
25 parallel-laid filamentary sheet (UF) having a basis weight 
of 190 g/m2 and an average distance between interlocked 
points of 5 mm, superposing two (UF) sheets, extending the 
laminate under the same conditions as in Example 1, further 
applying 5% of polyacrylate, and pressing the laminate 
30 at 155°C and 15 kg/cm 2 . 

(US) PET-PF2 

A sheet having a basis weight of 36 g/m2 and a 
thickness of 105 microns which was obtained by laminating 
two parallel-laid cracked sheets (PF) obtained in Example 
35 1 without extending them, and pressing the laminate at 
130°C and 5 kg/ cm 2 . 

PET-SF 
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A sheet having a "basis weight of 53 gA* 2 , a thick- 
... ... ,-r T-r-.^ nicrons which was obtained by cutting a drawn- 
crimped tow of PET filaments with a monofilament denier of 
2 (draw ratio 3-5; the number of crimps 12 per inch) to a 
Ico.eth of 5 cm, forming the cut fibers into a web by a dry 
r.:c-thod, applying polyacrylate ester in an amount of 20%, and 
pressing the web at 200°C and 20 kg/cm 2 . 
(S) PET-DF 6 

A sheet having a basis weight of 29 g/m 2 and a 
10 thickness of 100 microns which was obtained by superposing 
six layers of parallel-laid sheet (DF) having an average 
distance of interlocked points of 2 mm and used in (S) 
PET- PF 28 /PET- DPI , overfeeding the laminate in the same way 
as in Example 1, extending the laminate, applying poly- 
15 acrylate so that the final pick-up of the polyacrylate 

becomes 20%, drying the laminate and pressing it at 200°C 

and 15 kg/cm 2 . 

PET film 

A 12 micron- thick PET film obtained by stretching 
20 to 3 times both in the machine and transverse directions. 
(Ny-6)-£B 

Nylon-6 was extruded from a nozzle, stretched by 
an air stream to adjust the monofilament denier of the 
extrudate to 1.8, and deposited on a wire net by an air 
25 stream, and embossed in a network structure with a mesh 
width of 0.5 mm and a mesh area of 1 x 1 mm to form a 
sheet having a basis weight of 27 g/m 2 and a thickness 
of 130 microns. 
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1_ _ n^o .nrt bompar -"™ *™™>1«b 5 to 7 

Sheets havin 6 differe nt plastic deformation ratios 
and elongation stresses at 30% stress were produced by 
varying the finishinc conditions for the same material. 
These sheets were tested for heat moldability. 

Sheets composed of fibers having an initial 
modulus of 1.5 to 0.« g/de -J an elongation of ,5 *0 ^ 
both at 160 to 180°C were obtained from the materials shown 
in Example 3 by the same process as in Example 3 except 
that the pressing temperature was different, a, roll 
pressing temperatures, the plastic deformation ratios at 
Z longation, the elongation stresses at 30% elongation, 

the results of the heat voidability test at varying 
molding temperatures are shown in Table 3- 

in the heat moldability test, the same nonwoven 
' fibrous web (A) as used in Example 1 was used, and a non- 
woven polypropylene fabric having a basis weight of 3 g/m 
„as used as an adhesive material. 

It is seen from the results shown in Table 3 that 
satisfactory heat molded plates cannot be obtained uniess 
the plastic deformation ratios and the elongation stresses 
at 30« elongation . were within the ranges specified in the 
claims of Hie present application. 
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in Comparative Examples 5, 6 and 7, the terrper- 
* ,f the male mold was increased to 185°C. The non- 
TZl LT« melt-adhered to the .Id. The shaped article 

after heat molding had . ° f £ had . c -, c:pr63 - 

The nonwcven fibrous sneei voy uac ^ 

1 . ~.p e> ^ f~ 4- O e/cm^ within 

cion stress at 10% expression of 6.5> t. 4.0 B /c 

the temperature range of the .ale cold. 

Exaxapl ~ m *c 12 sr * nrn pnrative Tuples 8 to 1 0 

Usin E (S) FST-PF28/FET-DF1 of Example 2 as non- 
v, ~+- no qnd the sace nonwoven fibrous web 
L0 woven fibrous sheet (E) and J*^ performed under 

ft « used in Exanple 1, keat ^-*cinE v/a - v ... 
as usea i » ^ initial moduli and 

the conditions shown m Table in T , lastic de- 

elongations of the constituent, fibers and the plastic de 
61 g ^ xpez .lonpation and elongation stresses 

formation ratios at .longat ^ 

■\<=> at elongation of the sneet 

15 at 30/o g . ^ the res ults 

atures are shown in xauJ - - & 

obtained. . • « « -K^e-i c 

A nonwoven polyethylene fabric having a basis 

weight of 3 B/m2 «as used as an adhesive material. Heat_ 
20 molfing -s performed so that the resulting shaped arUcie 

had • thio « e ii «- — *-» *» * th r, 

the heat molality was poor on 
when the stress of the l^rou. » at * ^ onga 

25 was outside the range specified m the 

other factors being within the ranges specified m the 

claims. 
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Ex amo les 13 and 1 4 and Comparative Examples 11 and 12 

r used as the nonfibrous sheet 
in Example 2 and a fibrous nonwoven web having a basis 
weight of 940 g/m2 were combined*, and tested for heat 
-:v,j .dability, The fibrous nonwoven ^web was prepared from 

of glass fibers having a diameter of 8 microns and 
?n% of uncured phenolic resin powder. A nonwoven poly- 
propylene fabric having a basis weight of 3 g/m 2 was used 
us an adhesive material- The male mold was maintained at 
10 190°C, and the female mold, at 235°C. The molding time 
was 1 minute. The thickness of the resulting shaped 

article was 15 mm. 

In the heat ncldability test, the compression 
stress at 10% compression of the nonwoven fibrous web was 
15 varied (that is, its apparent density was varied), and 
the occurrence of creases was observed- The results are 

shown in Table 5* 

It is clearly seen from the data shown in Table 
5 that the occurrence of creases is reduced when S/T is 
20 less than 0.03- 
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Exampl es 15 and 16 and Comparative Examples 13 and 14 

JL ?;or;wovpn ;°il;"oun v.sb composed of 50% of wool „ 
3C% of cotton and 20% of uncured phenolic resin powder and 
having a basis weight cf 750 g/m 2 , an apparent density of 
n,0.?5, and a compression stress at 10# compression at 
130° C of 3*7 g/cm 2 was combined with each of nonwoven 
fiibrous sheets h jving a basis v eight of 25 , 50, 75 and 
:C0 e/m 2 which were the same as (S) PET-PF28/PET-DF1 used 
in Example 2 except that the number of laminations of 

10 PET-PF was varied > and tested for moldability * 1 nonwoven 
■polypropylene fabric having a basis weight of 3 g/m 2 was 
used as an adhesive material. The molding was performed 
for 1 minute while maintaining the temperature of the 
male mold at 1S0°C and the temperature of the female meld 

15 at 220° C The thickness of the shaped plate was 23 err- 
As shown in Table 6, the occurrence of creases 
was reduced when S/T is less than 0.03. 
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Example 17 

Tn thf: proc'r* ; ' ^ r f ' \S) (I7y-6)-PF24 used in 
-.'.uuple 3, a silicone oil was applied to one surface layer 
in an amount of 3% based on the entire total weight of the 
y .:::,:ov3n fitr-ruc sheet, followed "by c-xtendinr and pressing. 

resulting ncnwoven fibrous sheet had a netal adhesion 
strength at 190°C of 7 g/cm^- When it was tested for heat 

hostility in the sane way as in Example 3. the result 
was rated "(o'V 1 at a tomperature of up to 190°C. 
10 The no n woven fibrous sheet note coated with the 

silicone oil showed a rating of "(o) 1 ' only at a temperature 
of up to 1S3°C ; and at 185°C, its metal adhesion strength 
exceeded 7 g/cn . 
Example 18 

15 The nonwoven fibrous sheets used in Examples 2, 

3> 4- and 6 were found to have a metal adhesion strength 
of not mere than 7 g/cm2 at the temperature of the heat 
raol ding. 
Example 19 

20 In the production of (S)FET-PF28/PET-DF1 used in 

Example 2, a suspension of a fire retardant composed of 
50% of decabrcmodiphenyl ether, 4-5>> of liquid paraffin 
and 5/V of graphite was applied to the interlayer in an 
amount of 60?'- based on the weight of the nonwoven fibrous 
25 sheet, followed by extending and pressing. Through a non- 
woven polypropylene fabric having a basis weight of 6 g/m2 
as an adhesive material „ the resulting sheet (B) was bonded 
to one surface of a glass mat having a basis weight of 
1,000 g/m2, a thickness of 3 cm and a fiber diameter of 7 
30 microns while heat molding it in a raised and depressed 
profile under the following conditions. 

Temperature of a mold on the side of the 

nonwoven fibrous sheet: 185 C C 
Temperature of a mold on the side of the 
35 glass mat: 220° C 

Molding thickness (plain region): 2 cm 
Molding time: 2 minutes 
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The resulting shaped article having aesthc-tic 
characteristics had an average apparent density of 0.07 
g/cn3, a ratio of depressed portions to raised portions 
of 1.1, a flexural strength of 0.08 kg/era, a flexural 
modulus of 0.08 kg/cm2 and a sound absorption ratio at 
3,000 Hz of 75%. It was favorably used as a soundproofing 
nat on an engine hood of ai. tomobile. 

A rectangular sample > 10 cm >: 30 en, was cut out 
frod the plain region of the resulting shaped article, and 
evaluated in accordance vith FMVSS 302 with the sheet (B) 
facing downward. It was found to be "self-extinguishing". 
Example 20 

A blend of 79.5% of polybutylene terephthalate 
chips having an intrinsic viscosity ( T i) of 1.1, 19.2*0 of 
polypropylene chips having an intrinsic viscosity (*») of 
2.0, C.3% of carbon black and 1.0% of talc was dried in 
the sane way as in Example 1, and fed into a screw to 
nelt it. Nitrogen was blown into the screw and kneaded 
with the molten mixture. The kneaded mixture was passed 
over a mandrel, and extruded at a rate of 57 g/^n. from a 
ring die having a slit width of 0.25 be and a diameter of 
16 en. While being cooled with cooling air, the extrudate 
was taken up at a rate of 5C m/min. to form a reticulated 
fibrous sheet (PF) having a fiber diameter of 4-3 microns 
and an average distance between interlocked points of 10 
mm and containing numerous cracks in the taken-up direc- 
tion . 

Thirty-four (PF) sheets were laminated, and the 
laminate was fed at an overfeed ratio of 1.9, extended to 
10 times the original dimension in the transverse direc- 
tion, and pressed at 150°C and 12 kg/cm2 to afford a 
nonwoven fibrous sheet (B) having a basis weight of 4-1 
g/m2 and a thickness of 105 microns. 

The fibers of the nonwoven fibrous sheet (B) 
had an initial modulus of 1.2 g/de and an elongation of 
4-3>5 at 185°C, and the nonwoven fibrous sheet (B) had a 
plastic deformation ratio at 30% elongation of 7^-, and 
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an elongation stress elonrati^n of 0.0?3 kg/cm, "both 

The same suspension of a fire retardant as used 
in Example 19 was applied to the- nonwoven fibrous sheet 
;> -;b,» in an aciount of 35>^* based en rhe weight of the sheet 
and 5% of a silicone cdl was coaxed on it to increase its 
- -.'ir repel lency. The sheet (B) was then bonded to TACA 

~;12 (a nonwven fibrous web composed of organic fibers 
with a heat curing agent and having a basis weight of 
3^ 1,200 g/c 2 ; a product of Nippon Tokushu To rye K.K») thrcugh 
a nonwoven polypropylene fabric having a basis weight of 
6 g/ia2 as an adhesive material while heat nolding it so 
that the ratio of depressed portions to raised portions of 
the entire shaped article became 1.25- Oie heat molding 
15 conditions were as follows- 

Temperature of a mold on the side of the 

nonwoven fibrous sheet (B) : 185°C. 
Tenperature of a mold on the side of 
TACA No. 812: . 235°C 
20 Molding thickness (plain region): 4.5 mm 

Molding tine: 1 minute 

The resulting fibrous shaped article showed 
aesthetic beauty and had an average apparent density cf Co 21 
g/cm3, a flexural strength of 0.06, a flexural modulus cf 

25 0-12 kg/cm 2 , and a sound absorption ratio (measured with 
the provision of a 5 cm air layer) at 3,000 Hz of 73%. 
The shaped article was suitable as a soundproofing mat 
for an engine hood of an automobile. 

A rectangular sample, 10 cm x 30 en, was cut out 

3C from the plain region of the resulting fibrous shaped 

article, and tested for fire retardancy in accordance with 
JTS D1201 with the sheet (B) facing downward. It was found 
to be "self-extinguishing". 
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CLAIMS 

A fibrous shaped article having a surface with 
raised and depressed portions, said fibrous article concinf : ny 
of a unitary laminated structure resulting from the compression 
molding under heat of (A) a h* • . co^npression-moluahle nonwov«n 
fibrous v/eb and (B) a nonwoven fibrous sheet, said fibrous 
sheet (3) being laminated to at least one surface of said 
fibrous web (A): said fibrous web (A) having a compression 
stress, at 10% compression at the temperature of said 
compression molding, of at least 0.5 g/cm 2 ; said nonwoven 
fibrous sheet (3) consisting of a continuous unitary 
reticulated sheet structure of an assembly of many fibers of 
a thermoplastic polymer, said constituent fibers having an 
initial modulus of not more than 5 g/denier and an elongation 
of at least 20>, both at the temperature of said compression 
moldina, and being interconnected in a spaced-apart relation- 
ship, and said nonwoven fibrous sheet (B) having a plastic 
deformation ratio, at 3054 elongation at th« temperature of 

4. i--.-^- 50'/. and an elongation 
said compression molding, or at lea^t 

stress, at 30% elongation at the temperature of said 
compression molding, of not more than 0.15 kg/cm; and said 
• web (A) and said sheet (B) satisfying the following relation:. 

S^0.03 T 

in which T is the compression stress (g/cm ) of said web (A) 
at 10-,; compression at the temperature of said compression 
moldina. and S is the elongation stress (kg/cm) of said 
sheet (B) at 30vG elongation at the temperature of paid 
compression molding. . 

2 * An article- according to claim 1 wherein said 

veb (A) has a compression stress, at 10* compression at 
the temperature of said compression molding, of at least 
1.0 g/cm 2 . 
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3- An article according to* claim 1 or 2 wherein 

-la v/eb (A) has a tbiclonecs of 5 ,mm to 60 mm. 

j^n article according to claim 3 wherein said 
vob (A) has a thickness of 10 mm to AO mm. 

TVn article according to any one of claims 1 
to 4 wherein said web (A) has an apparent density of 
0-005 to 0.15 g/cm 3 * 

.f )o An article according to any one of the preceding 

claims wherein said web (A) is composed of inorganic or 
organic natural, regenerated or synthetic fiber s having a 
melting temperature of at least 200°C. 

7- An article according to any one of the preceding 
claims wherein said web (A) contains a resinous binder. 

8- An article according to claim 7 wherein the 
amount of said resinous binder is at least 5% by weight 
based on the weight Gf said web. (A). 

9t Tvri article according to claim 7 or 8 wherein 

said resinous binder is a thermosetting resin which cures 
at the temperature of said compression molding. 
10. An article according to any one of the 

preceding claims wherein said nonwoven fibrous sheet (B) 
has a basis weight of 15 to 150 g/m . 

An article according to any one of the preceding 
claims wherein said nonwoven fibrous sheet (B) has a tensile 
strength of at least 0.1 kg/cm. 

12. An article according to any one of the preceding 

claims wherein said nonwoven fibrous sheet (B ) has an 
elongation of at least 5%. 

13fc ^ article according to any one of the preceding 

claims wherein said nonwoven fibrous sheet (B) has an 

j 3 

apparent density of 0.2 to 0.6 g/cm . 

14. An article according to any one of the preceding 

claims wherein the average distance between the interconnected 

■rv.iriV.s of the indiv'.ruE 1 fibers of the reticulated sheet 
structure is from 1 mm to 50 mm. 
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15> An article according to any one of the 

preceding claims v/herein the individual constituent fibers 
of said fibrous assembly have an initial modulus of net 
more than 3 g/denicr and an -■ ngation of at least 
both at the temperature of said compression molding. 
16> An article according to any one of the 

preceding claims wherein said reticulated sheet structure 
is a laminate of at least two -thin fibrous sheets and/or 
sheets made by extending said fibrous sheets in a direction 
substantially at right angles to the axes of the constituent 
fibers, each of caid thin fibrous sheets being an assembly 
of many fibers of a thermoplastic polymer, the individual 
fibers having an initial modulus of not more than 5 g/donier 
and an elongation of at least 20%, both at the temperature 
of said compression molding, and being aligned in a 
substantially fixed direction substantially two-dimensionally, 
said individual fibers being interconnected at random in a 
spaced-apart relationship. 

17> ^ article according to "claim 16 wherein snic. 

thin fibrous sheet is produced by extruding a foamable 
melt of a thermoplastic polymer through an elongate slit 
having a narrow clearance not exceeding 500 microns to foam 
it, and drafting the. extrudate at a draft ratio between the 
maximum draft ratio possible under the conditions and one- 
third thereof while quenching it near the exit of said 
slit, thereby to fibrillate the extrudate. 

ie# An article according to any one of the preceding 

claims wherein said nonwoven fibrous sheet (B) has a plastic 
deformation ratio, at 30% elongation- at the temperature of 
said compression molding, of at least 6Q%. 

19> An article according to any one of the preceding 

claims wherein said nonwoven fibrous sheet (3) has an 
elongati-on stress, at 30v: elongation - at the temperature of 
said molding, of not more than 0.1 Xg/cm. 
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20. An article according to any one of the preceding 
._2.i i..:*-,t .v.LVO'in said v r eb (A) and s%id sheet (E) satisfy tho 
•following relation: 

S < 0. 025 T 
in which T and S are as defined in claim 1. 

21. An article according to any one of the preceding 
claims wherein said nonwoven fibrous sheet (B) has a melting 
temperature of at least 200°C. 

22 • An article according to any one of the preceding 

claims v/herein said nonwoven fibrous sheet (B) is fire- 
retardant. 

23. An article according to any one of the preceding 

claims wherein a polymeric sheet (C) capable of melting at 
the temperature of said compression molding is interposed 
between said web (/•») and said sheet (B). 

2 A - hn article according to .any one of the preceding 

claims wherein the total surface area of that side of said 
fibrous shaped article which is covered with said sheet ( B ) 
is 1.01 to 2.0 times the total surface area of the same 
side of the laminated structure before compression molding. 

25. An article according to any one of the 
.preceding claims which has a density of 0.02 to 0.5 g/cm^. 

26. A process for producing a fibrous shaped 
article having a surface with raised and depressed portion* 
which comprises superposing a non-woven fibrous sheet (B) 
on at least one surface of a heat compression-moldable 
nonwoven fibrous web (A) and compression-molding the 
resulting laminate under heat; wherein said nonwoven web 
(A) has a compression stress , at 10% compression at the 
temperature of said compression molding, of at least 

0.5 g/cin 2 ; ... v 
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said nonwoven fibrous sheet (15) consists of a continuous 
unitary reticulated sheet structure of *n assembly of 
many fibers of a thci-r .oplastic polymer, said constituent 
fibers having an initial modulus of not more than 5 g/dco\if»r 
and an elongation of at l&ast ,:0%, both at the temperature 
of said compression molding, and being interconnected in a 
spaced-apart relationship, and said nonwovon fibrous sheet 
(B) has a plastic deformation ratio, at 30% elongation at 
the temperature of said compression molding, of at least 
50% and an elongation stress, at 30% elongation at the 
temperature of said compression molding, of not more than 
0.15 kg/cm: and said web (A) and said sheet (B) satisfy 
the following relation: 

S < 0.03 T 

2 

in which T is the compression stress (g/cm ) of the web (A) 
at 10% compression at the temperature of said compression 
molding, and S is the elongation stress (kg/cm) of the 
nonwoven sheet (B) at 30% elongation at the temperature 
of' said compression molding • 

27. use of a fibrous shaped article as claimed in 

any one of claims 1 to 25 as a soundproofing material or 
heat insulating material for buildings. 
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